The aim of this study was to investigate the occurrence of mites in dust samples from houses in agricultural areas of South Poland, with particular reference to allergenic and parasitic species as a potential risk factor of diseases among people. A total of 250 dust samples from 50 single-family houses situated in Stryszawa and vicinity (Małopolskie province) were examined for the presence of domestic mites. Dust was taken from beds, floors in bedrooms, upholstery furniture, floors in family rooms and from floors in kitchens. Mites were found in 74.8% of samples collected. A total of 5340 mite specimens were isolated, including 2771 members of the family Pyroglyphidae (51.9%). Dominants were Dermatophagoides pteronyssinus (36.4% of all mites) and Gohieria fusca (25.1%), followed by Chortoglyphus arcuatus (18.3%) and D. farinae (15.1%). Dermatophagoides pteronyssinus was also the most frequent species (53.2% of the total count of samples examined), followed by G. fusca (42.4%), D. farinae (37.2%) and C. arcuatus (36.4%). Lepidoglyphus destructor was found more frequently than Glycyphagus domesticus in the examined samples. Density of D. pteronyssinus was associated with beds, presence of pets, coal stoves used for heating, lower number of rooms, higher cooking frequency, higher washing frequency, working housewife, open kitchen, wooden floors in kitchens, lower cleaning frequency, type of upholstery furniture in living rooms (arm chairs), lower humidity and higher temperature.
Introduction
The most abundant mites in house dust are members of the family Pyroglyphidae (Acari: Sarcoptiformes, Astigmatina), in particular Dermatophagoides pteronyssinus, D. farinae and Euroglyphus maynei. These house dust mites are the major sources of indoor inhalant allergens facilitating both the sensitization of atopic subjects and asthmatic attacks in patients (Boquete et al. 2006; Colloff 2009; Thomas et al. 2010; Mastrorilli et al. 2016) . Most often these mites are found in habitats intimately associated with man, such as beds, couches, sofas, other upholstered furniture, clothing and carpets (Colloff 2009; Aller 2010; Solarz 2010) . But the house dust mites have been reported from a wide variety of other habitats associated with man and his environment, both indoor and outdoor (Neal et al. 2002; Solarz et al. 2007; Colloff 2009) . Additional studies in different countries and regions of the world are also required to give a balanced view of indoor mite diversity. Most studies on house dust mites within dwellings have traditionally sampled beds, carpets and upholstered furniture as the three main types of indoor mite microhabitats (Colloff 2009 ). An understanding of the life cycle of house dust mites, their population age structure and seasonal dynamics, as well as environmental factors influencing mite populations, can be exploited in mite control (Harving et al. 1993; Hart 1998; Korsgaard 1998a, b; Solarz 2001b) . For these reasons, additional studies in different countries and regions of the world are needed.
The aim of this investigation was to study (1) the occurrence, prevalence and species composition of the domestic mite fauna in house dust samples from beds, couches, sofas, upholstery furniture, carpets, wooden floors and linoleums in one-family houses situated in Stryszawa and vicinity (South Poland); (2) levels of house dust infestation with mites in particular sites of the examined places; (3) the main habitats of house dust mite occurrence and breeding in the examined houses; and (4) the influence of air temperature, humidity, and other environmental factors or housing conditions on the abundance and frequency of domestic mites, especially of the family Pyroglyphidae.
Materials and methods
The faunistic study was carried out from May 2011 to September 2012. A total of 250 dust samples from 50 single family houses situated in Stryszawa and vicinity (South Poland) were examined for a presence of domestic mites. In each house, dust was taken from five places: from beds (or other sleeping accommodations) and floors in bedrooms, from upholstery furniture and floors in family rooms, and from floors of kitchens. All samples were collected with portable vacuum cleaners, on a specially constructed dust trap (a sterile linen filter) attached to the end of the hose. A new filter was used for each sample, and each sample was kept separately. A surface area of 1 m 2 at each sampling site was vacuumed for 1 min. Next, the samples were weighed and analyzed for mites as described by Solarz (2001a) with some modifications. First of all, the samples were prepared by soaking in 75% ethanol for 4 h, and then suspended in a saturated NaCl solution and a few drops of soap, and held for 24 h of floatation. After this time, supernatants were filtered through Whatman no. 388 filter paper. Sediments were again suspended in NaCl solution-the procedure was repeated at least 3 ×. Filters with material retained were placed in Petri dishes and poured over with saturated NaCl solution. Next, the surfaces of liquid and filter papers were carefully examined for mites under a Olympus Europe Highlight 2100 binocular stereomicroscope, starting 24 h after pouring. All mites were mounted in Hoyer's medium on microscope slides. All mite specimens collected were examined using differential interference contrast (Nomarski DIC) (under a Zeiss Axioskope 2 plus light microscope) and phase contrast optics (under an Olympus CH 40 light microscope). The identification of mites was made using descriptions of taxa and the following keys or publications : Fain et al. (1990) , Baker (1999) , Colloff (2009) , Krantz and Walter (2009) and Solarz (2012) .
When samples were taken, indoor ambient air temperature and relative humidity in each house were measured with digital humidity/temperature meters TES 1360 (TES Electrical Electronic Corporation) across the houses. In each home a thermohygrometer was always turned-on during the whole time of sampling/vacuuming of all five places examined and finally the average values were noted. Samples were taken between May 2011 and September 2012 at about noon each day of sampling. Most samples was taken in July, August and September, during months of peaks of mite density in dwellings in temperate climates.
Mite density was calculated as the number of specimens per g of dust. To standardize mite collection, the calculation of mite numbers of each taxon per g house dust was recommended by Platts-Mills et al. (1992) as the best method for determining exposure to mites and mite allergens. Information on various parameters which could influence mite numbers was obtained by questioning the residents and analyzed using Spearman's rank correlation test. These parameters were: type of place examined, type and age of building, presence or absence of pets, type of heating, number of rooms, family size (number of inhabitants), cooking and washing frequency (per week), housewife (unemployed or employed), type of sleeping accommodations and type of floors in bedrooms (carpeted or not), type of kitchen (open or closed), type of floors in kitchens, cooking facility, cleaning frequency, type of upholstery furniture, indoor relative humidity (%RH), indoor ambient air temperature (°C), and weight of samples (in g).
The variables noted in the examined buildings were valuated as follows: type of place examined (kitchen floor = 1, living room floor = 2, bedroom floor = 3, upholstery furniture = 4; bed or other sleeping accommodation = 5), type of building (brick house = 1, wooden house = 2), presence or absence of pets (absent = 0, 1 animal = 1, two animals = 2, three and more = 3), type of heating (central = 1, coal stoves = 2), housewife (unemployed = 0, employed = 1), type of sleeping accommodations (arm-chair = 1, couch = 2, settee = 3, sofa = 4, typical bed [with mattress] = 5), type of floor in bedroom (PVC = 1, wooden floor = 2, carpeted floor = 3), type of kitchen (closed = 1, open = 2), type of floor in kitchen (tiles = 1, linoleum = 2, PVC = 3, panels = 4, wooden floor = 5), cooking facility (gas = 1, combined gas and electric = 2, electric = 3, combined gas, electric and coal stoves = 4, combined gas and coal stoves = 5, only coal stoves = 6), type of upholstery furniture (arm-chair full set = 1, couch = 2, sofa = 3, settee = 4), type of the upholstery furniture covering (smooth/sky = 1, smooth material [cloth texture] = 2, plush = 3).
The criterion variables analyzed were: number of mites per g dust, in relation to a particular species, total house dust mites (= Pyroglyphidae), total domestic mites (= Pyroglyphidae and other allergenic Astigmatina) and total mites (= all mite taxa collected).
Results

Composition of acarofauna
The mean (± SD) age of examined houses constituted 54.8 years (± 25.2; median 50.0; range 10-100 years). Mean number of inhabitants during the study was 3.5 (± 1.71; median 3; range 1-8 persons). The weight of samples ranged from 0.06 to 3.25 g (mean ± SD 0.57 ± 0.51; median 0.39). Mean levels of relative humidity and temperature in the examined buildings during collection of dust samples were 60.1 ± 6.2% and 23.8 ± 1.8 °C.
Mites were found in 187 of the 250 samples collected (74.8%) ( Table 1) . A total of 5,340 mite specimens were isolated, including 2,771 members of the family Pyroglyphidae (51.91%). Dominant were the pyroglyphid D. pteronyssinus (n = 1945, 36 .4% of all mites), the glycyphagid Gohieria fusca (n = 1340, 25.1%), the chortoglyphid Chortoglyphus arcuatus (n = 978, 18.3%) and the pyroglyphid D. farinae (n = 804, 15.1%). Moreover, within the Pyroglyphidae, 22 specimens of E. maynei (0.42%) and 1 female of H. chelidonis were identified. Among other allergenic non-pyroglyphid mites there were the glycyphagids Lepidoglyphus destructor (1.39%) and Glycyphagus privatus (1.35%) and the acarid Tyrophagus putrescentiae (Table 1) . Dermatophagoides pteronyssinus was also the most frequent species and was found in 133 samples (53.2% of the total count of samples examined), followed by G. fusca (42.4%), D. farinae (37.2%) and C. arcuatus (36.4%) ( Table 2) . The difference in frequency between D. pteronyssinus and D. farinae was statistically significant (χ 2 = 5.17, p = 0.023). The first species was also significantly more frequent than C. arcuatus (36.4%; χ 2 = 5.85, p = 0.016), whereas the difference in frequency between G. fusca and C. arcuatus was not significant (χ 2 = 0.76, p = 0.38), as was the difference in frequency between G. fusca and D. farinae (χ 2 = 0.52, p = 0.47). Lepidoglyphus destructor was found more frequently than Glycyphagus domesticus in the examined house-dust samples but this difference was not significant (χ 2 = 2.08, p = 0.15).
Diversity of mite taxa in particular places
In bedrooms, both in beds and on floors, occurred the same four mite species, D. pteronyssinus, D. farinae, G. fusca and C. arcuatus ( (Table 2 ) and both differences were significant (χ 2 = 8.49, p = 0.004 and χ 2 = 4.05, p = 0.044, respectively).
The same four species were also the most abundant ones in the remaining indoor places examined (Table 2 ). All these places were dominated by D. pteronyssinus. Its dominance was highest on bedroom floors, then on upholstery furniture, in beds, on living room floors, and its dominance was lowest on kitchen floors ( Table 2 ). The dominance of D. farinae was highest in samples from floors of living rooms and from kitchens. Chortoglyphus arcuatus occurred most numerously on upholstery furniture, whereas G. fusca was most numerous in beds and on kitchen floors (Table 2 ). Differences in frequency are highest for D. pteronyssinus, between beds (72%) and kitchen floors (38%), and for C. arcuatus, between upholstery furniture (48%) and beds (10%); both differences were significant (χ 2 = 23.35 and 35.07, respectively, both p ≤ 0.00001). Gohieria fusca was more frequent in samples from upholstery furniture in living rooms and less frequent in samples from kitchen floors but the difference is not significant (χ 2 = 2.07, p = 0.15). Dermatophagoides pteronyssinus was significantly more frequent than D. farinae in beds (χ 2 = 12.0, p = 0.0005), in dust from bedroom and living room floors (χ 2 = 6.61, p = 0.01) and in dust from upholstery furniture of living rooms (χ 2 = 4.12, p = 0.042).
Densities of mites
Densities of mites per g of dust are presented in Table 3 . Gohieria fusca was the most abundant mite species in the examined samples with (mean ± SD) 22.7 ± 110.4 specimens per g of dust, followed by D. pteronyssinus (19.55 ± 42.52) and C. arcuatus (15.2 ± 41.95).
Dermatophagoides farinae, the second most medically important pyroglyphid species, was much less abundant, with 9.55 ± 22.12 specimens per g of dust. Generally, D. pteronyssinus was also the most abundant species per g of dust. It was significantly more abundant in all types of places examined ( Table 2) . The mean number of house dust mites per g of dust in the examined houses constituted 29.9, and it was much lower than mean numbers of domestic mites (43.1) and total mites (73.8) per g of dust. This implies that the other non-pyroglyphid mites are an important part of domestic acarofauna in the examined agricultural areas of South Poland. Table 4 shows the effects of temperature, relative humidity and other environmental factors on the densities of mites per g of dust in the examined houses. The results of Spearman's rank correlation test between some abiotic and biotic indoor environmental factors (housing conditions) and the mite prevalence and density in the examined dwellings suggests associations between the total mite density (per g of dust) and the following both abiotic or biotic factors: lower weight of sample, lower age of building, presence of pets, higher number of rooms, higher number of inhabitants (family size), working house wife, open kitchen, wooden floor in kitchen, type of cooking (coal stoves), lower cleaning frequency, type of upholstery furniture in living rooms (arm chairs), lower relative humidity and higher temperature (Table 4 ). Significant positive correlations were also found between density of domestic mites and: lower weight of sample, presence of pets, higher number of rooms, higher number of inhabitants (family size), working house wife, couches as type of sleeping, open kitchen, wooden floor in kitchen, type of cooking (coal stoves), type of upholstery furniture in living rooms (arm chairs), lower relative humidity and higher temperature. Density of D. pteronyssinus was associated with beds, presence of pets, coal stoves used for heating, fewer rooms, higher cooking frequency, higher washing frequency, working housewife, open kitchen, wooden floors in kitchens, lower cleaning frequency, type of upholstery furniture in living rooms (arm chairs), lower humidity and higher temperature. Density of D. farinae was influenced by coal stoves used for heating, higher cooking frequency, working housewife, carpeted floors in bedrooms, open kitchen, wooden floors in kitchens, lower cleaning frequency, type of upholstery furniture in living rooms (arm chairs), lower humidity and higher temperature. Other correlations were not significant.
Environmental factors influencing density and prevalence of mites
Presence and abundance of E. maynei was influenced by higher number of rooms, couches, carpeted bedroom floors, coal stoves used for cooking and settee in living-rooms. In general, high densities of pyroglyphid mites (house dust mites) were associated with beds, lower age of buildings, presence of pets, coal stoves used for heating, higher cooking and washing frequency, working housewife, open kitchens, wooden floors in kitchens, lower cleaning frequency, armchairs in living rooms, type of the upholstery furniture covering (plush), lower humidity and higher temperature.
Abundance of G. fusca was associated with presence of pets, higher number of rooms and inhabitants, couches, open kitchens, and coal stoves used for cooking, whereas abundance of C. arcuatus was associated with presence of pets, higher number of rooms and inhabitants, employed house-wife, couches, open kitchens, wooden kitchen floors, and coal stoves used for cooking. Other correlations were negative or not significant. 
Discussion
Ratios of numbers of particular pyroglyphid dust mite species, especially between D. pteronyssinus and D. farinae, are different in separate regions of the world (Fain et al. 1990; Colloff 2009 ). Decisive factors influencing their occurrence and abundance are mainly relative humidity and temperature of both outdoor and indoor air. It is commonly known that the optimal temperature is higher (25-30 °C) and optimal humidity lower (50-75% RH) for D. farinae than for D. pteronyssinus. The former species appear to survive better in dryer habitats than the latter, whereas lower temperature (15-20 °C) and higher humidity (75-80% RH) favor D. pteronyssinus in mixed laboratory cultures (Dusbábek 1975; de Boer 1990; Arlian et al. 1998a Arlian et al. , 1999 Solarz 2001b) . Within the wide zone of temperate climate, D. pteronyssinus is the most common and dominant species in more damp areas, at the seaside or in lowlands, which have a more humid climate. Dermatophagoides farinae, on the other hand, is more common and abundant in areas with a dry continental climate (intercontinental and alpine regions) (Dusbábek 1975; de Boer 1990; Horak et al. 1996; Solarz 2001a Solarz , b, 2010 . Therefore, mean values of relative humidity in the examined dwellings were slightly below a critical equilibrium humidity (CEH) for pyroglyphid house dust mites (especially for D. pteronyssinus and E. maynei) (Arlian et al. 1998a, b; Colloff 1991a Colloff , b, 2009 ), but they are distinctly higher than 45% RH (the lowest threshold of indoor humidity for mite survival in dwellings) (Hart 1998; Korsgaard 1998a, b) . As results of other surveys in Poland indicated, D. pteronyssinus was found as the dominant species in Bydgoszcz, Warsaw, Cracow, Łódź, Poznań and vicinity, Bielsko-Biała and Wodzisław, whereas D. farinae was dominant in Gdańsk and Gdynia, in West Pomerania, and in most of the Upper Silesian cities (Chmielewski 1995; Horak et al. 1996; Racewicz 2001; Solarz 2001a Solarz , 2012 Kosik-Bogacka et al. 2012) . Summarizing, the domination of D. pteronyssinus in one-family houses appears to be characteristic for many agricultural or subagricultural localities in Poland (Solarz 2010) . This tendency may also indicate that dwellings at these localities in Poland become more favorable for mites. The indoor air ambient humidity, which varies with the degree of ventilation of the dwellings, depends on the building construction (van Bronswijk and Schober 1991); therefore, energy-saving house insulation tends to increase indoor humidity and may lead to higher house dust mite densities (especially D. pteronyssinus) (Korsgaard 1998a) . On the other hand, relative humidity was negatively correlated with the number of mites in the examined houses. A wide range of abiotic environmental indoor factors have been analyzed for their influence on pyroglyphid mite populations in the hope that limiting factors may be exploited in control (Korsgaard and Iversen 1991; van der Hoeven et al. 1992; Harving et al. 1993; Hart 1998; Korsgaard 1998a, b; Solarz 2001b; Kasprzyk et al. 2014) . In many studies, positive correlations were found between mite densities or allergen levels and relative (or absolute) air humidity of the dwelling (Korsgaard 1983a (Korsgaard , 1998a Hart and Whitehead 1990; Harving et al. 1993; Hart 1998; Kasprzyk et al. 2014) . Hart (1998) published the following environmental factors positively influencing mite levels: humidity, type of heating, type of mattress (springs), type of bedding (without impermeable covers), age of mattress, carpets, soft furnishings, soft toys, age of house, frequency of cleaning, number of inhabitants, presence of smoking persons and pets. Results obtained by Kasprzyk et al. (2014) showed that occurrence and abundance of dust mites in urban areas of Upper Silesia are mainly influenced by humidity, age and type of building (one-family houses, old houses), type of sleeping accommodation (typical beds), type of floor (carpeted) and furniture (upholstered), type of wall (wallpapers), type of kitchen (open), higher cleaning and washing frequency and signs of moulds. It was also suggested that differences in the prevalence of mites between dwellings are a reflection of associations between the environmental requirements of mites or their biological characteristics (especially in relation to air humidity), and degree of indoor dampness, largely influenced by household activities, family size, dwelling space, cooking or washing frequency, and some other factors (Korsgaard and Iversen 1991; van der Hoeven et al. 1992; Solarz 2001b; Kasprzyk et al. 2014) . These suggestions also correspond with the results actually obtained, except for humidity, and for number of rooms (house or flat size), which was considered as the dry factor in Japan (Sakaki and Suto 1995) . Moreover, the age of a building was sometimes classified as the 'dry' factor (in the case of flats in urban areas), whereas in the case of single-family houses of a subagricultural settlement it could be classified as the 'humid' factor (Korsgaard and Iversen 1991; Hart 1998; Solarz 2001b; Kasprzyk et al. 2014) . It was also suggested that at the present time, the only way to guarantee lower mite allergen levels in modern homes in the 'western world' is to remove the carpets and to encase the mattress (or other sleeping accommodation) and bedding (Simpson et al. 2001) . Certain studies, however, showed weak or no correlation between these environmental factors and mite density (e.g., Ree et al. 1997) .
Summarizing, the differences in the geographic distribution of particular species of both pyroglyphid house dust mites and domestic non-pyroglyphid mites, as well as the mite population densities both within and between dwellings or localities, are attributed to variation in biotic and abiotic factors of the indoor environment or in ecological requirements of the various mite species. During studies performed in South Poland (Solarz 2001a (Solarz , b, 2010 it was found that mite populations on floors are more dependent on environmental factors (as the type of building, type of heating, relative humidity or temperature) than mites from the other places examined. Moreover, some sampling methods (sweepings, car vacuum cleaners) are more effective for collecting non-pyroglyphid domestic mites than for pyroglyphids. Generally, the older buildings and stoves are more favorable for the occurrence of both D. pteronyssinus and the domestic non-pyroglyphids, whereas new buildings, with central heating systems, favor the higher abundance of D. farinae. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
